The number of patients reinitiating dialysis after a failed transplant increases over time and has more than doubled between the year 1988 and 2010 (an increase from 2463 to 5588). More importantly, patients returning to dialysis have been shown to have a greater than three-fold increase in the annual adjusted mortality rates compared with those with a functioning graft. Continuation of immunosuppression to preserve residual graft function has been implicated to be a contributing factor, seemingly due to immunosuppression-associated cardiovascular and infectious complications and malignancy risk, among others. Nonetheless, maintenance low-dose immunosuppression has been suggested to confer survival benefit in patients returning to peritoneal dialysis. Whether early vs late reinitiation of dialysis or whether transplantectomy has an impact on patient survival remains poorly defined. Consensus guidelines for the management of a failed allograft are lacking.
INTRODUCTION
Retrospective analysis of the United States Renal Data System (USRDS) database showed that mortality in patients reinitiating dialysis after graft failure was primarily due to cardiac (36%) or infectious complications (17%) [1] . Continuation of immunosuppression has been suggested to play a causative role. Nevertheless, immunosuppression cessation is not without morbidity. Similarly, although transplantectomy would permit immunosuppression withdrawal, it may lead to other unfavorable outcomes.
Clinicians caring for patients with a recently failed allograft are generally faced with three important decisions: timing of dialysis reinitiation, immunosuppression mana gement, and whether to perform transplantectomy [2] . When the cause of graft loss is due to primary nonfunction, arterial or venous thrombosis, hyperacute or early refractory acute rejection, most treating physicians advocate transplantectomy and immunosuppression cessation. In these circumstances, graft rupture or hemorrhage may occur if the graft is left in situ. However, when the allograft has been in place for more than 12 years, it is common practice to leave the failed allograft in situ. Nonetheless, a retained failed transplant has been suggested to be a source of a chronic inflammatory state, potentially leading to unfavorable outcomes. Immunosuppression management in such patients can be challenging. Although maintenance low doseimmunosuppression may preserve residual kidney function, circumvent graft intolerance syndrome, minimize allosensitization, and avoid overt acute rejection, longterm maintenance immunosuppression is not without adverse effects (Table 1 ). These may include immunosuppressionrelated malignancy and cardiovascular and metabolic complications. It is also noteworthy that although the number of patients reinitiating dialysis after a failed transplant has more than doubled in the last two decades, studies evaluating the optimal timing of dialysis reinitiation are lacking. A literature overview on the timing of dialysis reinitiation after graft failure, the potential beneficial and adverse effects of lowdose maintenance immunosuppression, and the risks and benefits of trans plantectomy are presented.
TIMING OF DIALYSIS REINITIATION
Early studies in the mid 1970s to 1980s suggested that initiation of dialysis in endstage kidney disease (ESKD) patients with a higher estimated glomerular filtration rate (eGFR) was associated with lower mortality [3] . However, these studies were subsequently criticized for small sample sizes and potential confounding factors. Over the past decade, several observational studies failed to demonstrate the survival benefits of early commencement of dialysis and such practice may even be associated with increased mortality risk [4] . A recent multicenter randomized controlled trial (the Initiating Dialysis Early and Late study) showed comparable mortality rates among early vs late dialysis initiation. Eight hundred and twenty eight patients with progressive stage V chronic kidney disease (CKD) (including patients with a failed transplant) were randomized to either start dialysis at eGFR of 10.0 to 14.0 mL/min (earlystart group) or to continue routine medical management and start dialysis when eGFR reached 5.0 to 7.0 mL/min (latestart group) [5] . During a median follow up period of 3.59 years, mortality occurred in 37.6% and 36.6% of patients in the early and latestart groups, respectively (HR 1.04, P = 0.75). The frequency of cardiovascular events, infections, or dialysis complications was comparable between the two groups. However, it is noteworthy that in the latestart group, nearly 76% of patients were started on dialysis when the estimated GFR was above the target 7.0 mL/ min due to symptomatic uremia. It was thus concluded that planned early dialysis initiation in patients with stage V CKD provided no benefits in terms of survival or clinical outcomes. Similarly, a retrospective USRDS database study (n = 310932 patients who were started on dialysis between 2006 and 2008) showed no harmful or beneficial effects of early dialysis initiation on mortality (HR 1.025 per 1 mL/min per 1.73 m 2 for eGFR 514 1 mL/min per 1.73 m 2 and 0.973 per 1 mL/min per 1.73 m 2 for eGFR 1420 mL/min per 1.73 m 2 ) [6] . Studies on the optimal timing of dialysis reinitiation after a failed transplant are limited. Current guidelines for transplant naïve patients with progressive CKD advocate late-start dialysis (defined as dialysis initiation at an eGFR between 69 mL/min). Results of two large registry studies suggested that early compared with late dialysis reinitiation in patients with failed kidney transplants may adversely impact survival. The USRDS registry study (n = 4741 patients followed for a median of 15 ± 11 mo after dialysis initiation) demonstrated that nonsurvivors had a significantly higher eGFR at dialysis initiation than their survivor counterparts (9.7 ± 4.8 vs 8.0 ± 3.7 mL/min per 1.73 m 2 , respectively). Specifically, each 1 mL/min per m 2 higher eGFR at the time of dialysis reinitiation was found to be associated with a 4% higher mortality risk after dialysis reinitiation (P < 0.01) [1] . Nonetheless, it is speculated that the sickest patients tended to require commencement of dialysis at higher levels of residual kidney function. This confounding by indication was subsequently addressed in an analysis of the SRTR registry study using propensity score analysis. The study cohort consists of 747 failed kidney transplant patients who had reinitiated dialysis with eGFR < 15 mL/min. A propensity score for early (eGFR > 10.5 mL/min per 1.73 m 2 ) vs late dialysis reinitiation was fitted by logistic regression. Peripheral vascular disease, diabetes mellitus, and male gender were associated with higher odds of early reinitiation of dialysis. In an unadjusted model, each 1 mL/min per 1.73 m 2 higher eGFR at dialysis reinitiation was associated with a 6% higher mortality risk. Such association was not observed in the fully adjusted model. However, there was a trend towards increased mortality risk in patients with a higher eGFR upon reinitiation of dialysis, particularly among the healthiest subgroups of patients identified by the propensity score, including female gender and younger subjects [7] . Whether early dialysis reinitiation in patients with failed transplants adversely impact outcomes is currently not known and warrants further studies. Based on available data, a number of investigators feel that reinitiation of dialysis based on eGFR alone is not justified and could be harmful in some cases [3] . Thus, as with transplant naïve patients, dialysis reinitiation in patients with graft failure may rely on eGFR as a rough guide that must be redefined by patients' comorbidities, nutritional status, and overall wellness.
IMMUNOSUPPRESSION MANAGEMENT
Consensus guidelines for the management of immuno suppression in patients with a failed allograft are lacking. Both continuation of lowdose immunosuppression and immunosuppression withdrawal have their inherent risks and benefits (Table 1 ) [2] .
Continuation of immunosuppression: Potential beneficial effects
Preservation of residual kidney function: In the non-transplant settings, peritoneal dialysis (PD) and hemodialysis (HD) patients with preserved kidney function have been shown to have better survival rates compared with their oliguric or anuric counterparts [8, 9] . Similar to the transplant naïve end stage kidney disease population, patient with a retained failed transplant and preserved residual graft function have been shown to have survival advantage over those who lost residual kidney function. A decision analytic model comparing continuation of immunosuppression with immunosuppressant withdrawal in patients returning to PD after graft failure suggests that continued immunosuppression may confer survival benefit over immunosuppressant cessation despite increased malignancy and infection risks (life expectancy: 5.8 years vs 5.3 years, respectively) [10] . The survival benefit was apparent even at marginal GFR (defined as an additional GFR of 1.48 mL/min), and incremental at increasing residual graft function. The study results suggest that the loss of residual kidney function may have an adverse impact on survival in patients reinitiating PD. Nevertheless, the study was not without shortcomings. The model hypothesized that continuation of maintenance immunosuppression would preserve residual kidney function, and the beneficial effects of residual graft function are similar to those of the native kidneys. Of interest, results of the USRDS registry analysis demonstrated that compared with hemodialysis, PD was associated with greater survival within the first year after dialysis initiation, but lower after 2 years [11] . It may be speculated that the early survival benefit of PD over HD was due to greater preservation of residual kidney function. Notably, the survival advantage of PD was not seen among patients who initiated PD at lower levels of eGFR. However, neither details on immunosuppression maintenance after graft failure nor data on differential rates of decline in residual kidney over time was provided. A case of well-preserved residual kidney function in a PD patient maintained on low dose dual immunosuppressive therapy after a failed allograft has been described. After return to PD, the patient continued to make 600-1200 cc of urine/day at oneyear followup [12] .
There is currently insufficient evidence to routinely recommend continued immunosuppression in patients returning to PD after graft loss.
Data for any potential survival benefits of continuation of maintenance immunosuppression among patients returning to HD are lacking.
Prevention of allosensitization:
Immunosuppression withdrawal after kidney graft failure with or without transplantectomy has been shown to be an independent predictor of allosensitization [13, 14] . In a singlecenter study consisting of 69 patients with confirmed alloantibody Pham PT et al . Management of patients with a failed kidney transplant six months of graft failure with fever in the absence of infection was observed among African Americans who were tapered from immunosuppression. The majority of these patients ultimately required transplantectomy due to symptomatic rejection or fever of unknown etiology. Notably, fever resolved in all patients after transplantectomy [17] .
In a singlecenter study consisting of 41 patients with graft loss occurring more than 6 mo after trans plantation, the need for transplantectomy following immunosuppression weaning was found to correlate with the number of previous acute rejection episodes. In patients who had zero, one, or two or more rejection episodes, transplantectomy was required in 30%, 53% and 83%, respectively. It is suggested that gradual immunosuppression weaning or indefinite lowdose maintenance immunosuppression may prevent the need for transplantectomy [18] . Rapid steroid withdrawal may result in overt adrenal insufficiency variously manifested as hypotension, weakness, fevers, malaise, and weight loss, among others. In severe steroid withdrawal, patients may experience frequent hypotensive episodes during dialysis despite having volume overload [19] . When the graft is left in situ for more than one to two years, gradual immunosuppression weaning with close monitoring for clinically overt adrenal insufficiency or acute allograft rejection is advisable.
Continuation of immunosuppression: Potential adverse effects
Infectious, cardiovascular, and metabolic syndrome risks: While lowdose maintenance immunosuppression may be beneficial in preserving residual kidney function in patients who maintain good urine output, such practice is not without adverse effects. In a multicenter cohort study comprising 197 failed allografts in 177 transplant recipients whose allograft functioned for at least 3 mo, lowdose maintenance immunosuppression was associated with an increase in infectious and cardiovascular diseaserelated morbidity and mortality [20] .
The incidence of infectious complications per patient
year was significantly higher in the immunosuppression continuation compared with that of immunosuppression withdrawal groups (1.7 vs 0.51, respectively, P < 0.0001). Similarly mortality associated with cardiovascular and infectious complications was higher among patients who continued immunosuppression compared with those whose immunosuppression was discontinued [Odd ratio (OR) of 4.9, 95%CI: 1.813.5 from cardiovascular disease and OR of 2.8, 95%CI: 1.17.0 from infectious complications]. Clinical acute rejection rates (graft tenderness and hematuria, in the absence or presence of noninfectious lowgrade fever) were similar between the two groups (P = NS). Based on the study findings, the authors favored immunosuppression withdrawal over lowdose maintenance immunosuppression when patients returned to dialysis. In one single center study, an increase in infectionrelated complications was negative at the time of graft loss, more than half (38/69) became sensitized over the following months or years. De novo class Ⅰ and/or class Ⅱ anti HLA antibodies (primarily of donor specificity) were detected only in patients whose immunosuppressants were discontinued after graft loss regardless of whether they had a nephrectomy or blood transfusion. Four of fifteen patients without nephrectomy or transfusion developed antibodies after cessation of immunosuppression. In contrast, none of the eleven patients who continued immunosuppressants developed antibodies, seven of whom had an allograft nephrectomy or blood transfusion [14] . In another study, de novo donorspecific antibodies (DSAs) appeared in nearly 48% of patients when immunosuppressive therapy was discontinued after graft loss. None of these patients had an allograft nephrectomy [15] . Of interest, it has been shown that a short exposure to the allograft is sufficient to stimulate the immune system and to induce alloantibody production [16] . In a small series of 32 patients who required transplantectomy after early graft loss, DSAs and nonDSA antiHLA antibodies developed in > 50% of patients whose immunosuppressants were discontinued after transplantectomy (median time between transplantation and transplantectomy was 2.5 d). Histological analysis of explanted allografts showed no features of cellular or humoral rejection. There was no significant difference in the incidence of DSAs among patients receiving transfusions and those who did not [16] . Given current evidence, albeit scant of potential increased allosensitization with cessation of immuno suppression, it may be suggested that patients who are reallograft transplant candidates be considered for continuation of maintenance therapy, particularly when living donation is a possibility. Whether patients with early graft loss requiring transplantectomy (particularly those anticipated to have a short wait time after early relisting) benefit from continuation of immunosuppression to minimize allosensitization warrant further investigation. In addition, the duration and intensity of maintenance immunosuppression remain to be defined.
Prevention of graft intolerance syndrome and transplantectomy:
Graft intolerance syndrome refers to an immunologic intolerance to a retained failed graft, and commonly develops within the first year of dialysis reinitiation. Clinically, patients may present with graft enlargement or tenderness, gross hematuria, fevers, malaise, flu-like symptoms, or any constellation of signs and symptoms thereof. Graft intolerance syndrome may develop in 30% to 50% of patients despite various immunosuppression withdrawal protocols. Although such syndrome may be treated with a short course of high dose corticosteroid, symptom recurrence following immunosuppression weaning generally necessitates transplantectomy. In one single center study, immunosuppression weaning commonly led to symptomatic rejection with fever mimicking infection (93 of 186 study subjects were African Americans). A nearly 7fold risk (P = 0.017) for admission within Pham PT et al . Management of patients with a failed kidney transplant observed among patients whose immunosuppression was weaned over a prolonged period (mean 14 ± 2 mo) compared with those whose immunosuppression was weaned over a shorter (mean 3 ± 1 mo) period (1.34 vs 0.87) infections per year, respectively [21] . Furthermore, the longer taper had no advantage over the shorter taper group in forestalling the need for transplantectomy. Mortality associated with disseminated histoplasmosis in a hemodialysis patient maintained on lowdose steroid and azathioprine after graft failure has been described [22] . Similar to early reports, a recent study suggests that although immunosuppression weaning results in a higher risk of allosensitization, maintenance of immuno suppression other than lowdose steroid is associated with a greater incidence of infection and infection related mortality [17] . In a single center consisting of 186 patients with failed kidney transplants, 44% were hospitalized with fever within six months of graft loss. The rates of hospitalization were comparable between patients who continued immunosuppression and those whose immunosuppression was tapered before hospitalization (45% vs 40%, respectively, P = NS). However, among febrile hospitalized patients, documented infections occurred in 88% of patients maintained on immunosuppressive therapy compared with 38% of those who had been weaned off of immunosuppression (defined as withdrawal of all immunosuppressive therapy with the exception of ≤ 10 mg of prednisone daily). Notably, mortality risk was significantly higher in patients with documented infection, with dialysis catheter being the most common infectious source in both groups [17] . Adverse effects associated with long-term steroid use: Wellestablished adverse effects associated with longterm steroid use include avascular necrosis, osteoporosis, hyperglycemia, cataracts, myopathy and increased susceptibility to infections among others. Nevertheless, it is occasionally necessary to continue steroid to prevent flares of systemic disease such as vasculitis or systemic lupus erythematosus.
Malignancy: Recipients of organ transplants are at increased risk for developing certain neoplasms compared to that of the general population. Kidney transplant recipients receiving lowdose cyclosporine (CSA) was shown to have a significantly lower overall frequency of cancers (P < 0.034) and a lower incidence of virusassociated cancers (P = 0.05) compared with their normaldose CSA counterparts [23] . Both the duration and intensity of immunosuppressive agents and their ability to foster the replication of oncogenic viruses have been implicated to play contributory roles in the carcinogenic process [2] . Studies evaluating reversal of cancer risk in patients reinitiating dialysis after graft loss is limited. However, it is noteworthy that studies in ESKD patients who received dialysis or a kidney transplant, and in HIV/AIDS subjects suggest that cancers may be classified into those that are related to ESKD, immune deficiency, nonimmune deficiency, or uncertain status (Table 2) [24, 25] .
Although it is conceivable that immunosuppression cessation has no impact on risk reversal of various "non-immune deficiency-related" cancers, most treating physicians advocate rapid immunosuppression weaning or withdrawal in patients who had a history of cancer, irrespective of malignancy types. In cancers associated with immunosuppression, the risks of continued imm unosuppression probably outweigh its benefits.
The Australia and New Zealand Dialysis and Transplantation Registry analysis demonstrated that among all cancers that occur at increased rates in kidney transplant recipients, the pattern of incidence after allograft loss was highly variable [26] . Nonetheless, the incidence of Kaposi's sarcoma and non-Hodgkin's lymphoma decreased markedly upon dialysis reinitiation and cessation of immunosuppression. The study also showed a significant decline in melanoma and lip cancer incidence. Of interest, risk reversal was commonly seen among infectionassociated malignancies such as Kaposi's sarcoma with human herpes type 8 and non-Hodgkin's lymphoma with Epstein-Barr virus. The exact cause of increased risk of lip cancer in transplant patients has not been wellestablished. However, human papillomavirus has been implicated to play a causative role. Although an infectious source has not been identified in transplant patients with melanoma, the association between immunosuppression and its development in kidney transplant recipients has been well described [24] . Costs: Following graft loss and reinstitution of dialysis, the cost of lowdose maintenance immunosuppression should not be overlooked, particularly since data supp orting continued immunosuppression are lacking. A typical immunosuppressive regimen consisting of low dose prednisone and cyclosporine or tacrolimus (or mTOR inhibitors) costs more than two thousand United States dollars annually.
TRANSPLANTECTOMY
While practices differ among centers, most advocate transplantectomy in patients whose allograft failed within one to two years posttransplantation. However, no consensus exists on the timing and indications for transplantectomy when graft loss occurs more than 12 years after transplant.
The USRDS registry study demonstrated that transplantectomy was nearly twice as common in patients with early (< 12 mo) compared with late graft loss (≥ 12 mo) [27] . However, whether transplantectomy was performed electively or for graftrelated symptoms could not be determined from the study. A single center study consisting of 34 pediatric kidney transplant recipients demonstrated that children with graft failure within one year of transplantation were four fold more likely to require transplantectomy than those with graft loss after one year (P = 0.04) [28] . Fever, graft tenderness, and an elevated Creactive protein were significantly more common in children who subsequently underwent transplantectomy than in those who did not. Of interest, one retrospective study suggested that transplantectomy may minimize allosensitization in patients with early (graft survival < 6 mo) but not late graft loss. Patients with early graft loss and nephrectomy demonstrated a decline in PRA at a median follow up of 47 mo (46% at the time of graft loss and 27% at last follow up, P = 0.02). In contrast, PRA remained elevated among those who had a nephrectomy after late graft loss [29] . It is suggested that the time of graft failure and subsequent allograft nephrectomy may play a contributory role in allosensitization.
In general, the decision to perform a failed graft nephrectomy requires careful consideration of potential risks and benefits.
Transplantectomy: Potential benefits
A retained failed allograft has been suggested to serve as a focus for a chronic inflammatory state. In one singlecenter study, patients with failed kidney transplants returning to hemodialysis were shown to exhibit worse anemia, erythropoietin resistance, and hypoalbuminemia, as well as worse C reactive protein (CRP), erythrocyte sedimentation rate (ESR), and ferritin profiles compared with their transplant naïve hemodialysis counterparts. Furthermore, amelioration of both clinical and laboratory parameters of the chronic inflammatory state was observed following transplantectomy. Although sym ptomatic patients undergoing transplantectomy had lower baseline hemoglobin and higher CRP, ESR, and ferritin compared with those with a retained graft, the former group of patients had a better hematologic and biochemical profile at 6 mo after transplantectomy compared with the latter [30] . It is noteworthy that hypoalbuminemia and high CRP have been shown to be markers for increased cardiovascular and global morbidity and mortality both in the general population and in ESKD patients on hemodialysis. Some centers favor transplantectomy in patients with biochemical indicators of chronic inflammation before the onset of overt clinical mani festations [31, 32] .
Retrospective study using the USRDS database (n = 10951 patients returning to longterm dialysis after a failed transplant) demonstrated that transplantectomy was associated with a 32% lower relative risk for allcause mortality (adjusted HR = 0.68; 95%CI: 0.63 to 0.74) [32] . However, the study was not without shortcomings. Patients who had graft nephrectomy (n = 3451) were younger and in better health condition than their nonnephrectomized counterparts. It is also noteworthy that despite adjustment for confounding factors and likelihood of undergoing transplantectomy, limitations intrinsic to retrospective registry studies remain. In addition, in patients with the failed allograft left in situ, it is not known whether lowdose maintenance immunosuppression might be independently associated with increased infectious and cardiovascular disease related mortality.
Of interest, in a large retrospective studies consisting of more than 19000 patients with graft failure, trans plantectomy in patients reinitiating dialysis was found to be associated with increased mortality among those with early graft loss [graft survival < 12 mo, HR 1.13 (95%CI: 1.011.26)] whereas among those with late graft loss (graft survival > 12 mo), transplantectomy was associated with decreased mortality rates (0.89 95%CI: 0.830.95) [27] . It is speculated that the association of transplantectomy and mortality risk in patients with early graft loss was due to graftrelated symptoms rather than the nephrectomy procedure per se. Further studies are needed to determine whether transplantectomy after late graft loss confers a survival advantage over leaving the graft in situ.
Transplantectomy: Potential adverse effects
Leaving a failed allograft in situ may avoid potential morbidity and mortality associated with the surgical procedure. In addition, in patients with residual kidney function, a retained graft may allow more liberal fluid intake and improve patients' quality of life. In most series reported, transplantectomyassociated morbidity occurred in 17%60% and mortality in 1.5% to 14% of patients [33] . The wide variation in the mortality rates reported may be due in part to the timing of surgery, the indication for graft nephrectomy, the patients' condition at the time of surgery, the surgical techniques, and individual centers' practice and experiences [31] . Symptomatic patients who need urgent transplantectomy are more likely to have worse outcomes than those undergoing elective transplantectomy. In one study, patients who underwent graft nephrectomy under suboptimal medical conditions (severe rejection or graft sepsis, hemorrhage from anastomotic suture line), a mortality rate of up to 39% has been reported [34] . Allograft nephrectomy has been shown to be associated with allosensitization, potentially resulting in prolonged wait times for a crossmatch negative kidney in reallograft candidates. It is speculated that a retained allograft may serve as an antibody sponge, or alternatively, rapid immunosuppression weaning after transplantectomy may promote antibodymediated allosensitization against the allograft. In one single center study, de novo donor-specific antibodies (DSAs, tested via Luminex singleantigen assay) were detected as soon as five days after transplantectomy, suggesting that the antibodies were preformed [15] . Furthermore, the median fluorescence intensity (MFI) of alloantibodies remained stable or declined during follow up. It was hypothesized that if DSAs had appeared because of injury caused by graft nephrectomy, the MFI would have increased during follow up. Whether the detection of preformed DSAs after graft nephrectomy may have important implications in identifying unacceptable antigens for patients awaiting a repeat transplant remains to be studied.
Although post allograft nephrectomy rise in PRAs or DSAs may reflect preformed antibodies, it is also tempted to speculate that transplantectomy may stimulate proinflammatory cytokine production and upregulation of HLA alloantibodies. Alternatively, sensitization may occur due to the persistence of antigenpresenting cells or residual donor tissues and vessels [16] . The mechanism(s) or predominant mechanism of de novo development of antiHLA alloantibodies after graft nephrectomy is currently not fully understood. Nonetheless, there has been ample literature showing that transplantectomy leads to an increase in class Ⅰ and class Ⅱ PRA, and DSA and non-DSAs to variable extent [13, 16, 3538] . Whether immunosuppression weaning over a prolonged period after graft nephrectomy may reduce the risk of de novo antiHLA alloantibodies development is unknown and warrants further ex ploration. Prospective studies to assess the potential mechanism(s) of allosensitization after transplantectomy and the impact of such procedure on graft and patient survival as well as on acute rejection rates after a repeat transplant are needed.
Impact of transplantectomy on a repeat transplant
The literature on the impact of transplantectomy on the outcomes of retransplantation have yielded variable and even contradictory results. Selected studies are discussed.
Studies indicating an adverse impact of transplantectomy on various clinical outcomes of a repeat transplant:
Early singlecenter study demonstrated that transplantectomy was associated with a significant increase in PRA levels and a higher incidence of delayed graft function in a repeat transplant [39] . A trend for reduced graft survival was observed among patients whose first grafts failed within the first post-transplant year. However, transplant nephrectomy had no impact on the incidence of acute rejection or renal function of a repeat graft at 3year followup.
In a retrospective study consisting of 192 recipients of a reallograft transplant, nephrectomy of the primary failed graft was shown to have an adverse impact on reallograft transplantation (P = 0.0003) [40] . Multivariate analysis demonstrated a significant relationship between survival of the primary allograft and repeat transplant outcomes. Subgroup analysis performed in patients whose graft functioned more than 6 mo (n = 90) similarly demonstrated that nephrectomy of the failed graft is a risk factor for worse retransplantation outcomes. Other identified risk factors included advanced donor age, longer time interval from trans plantectomy to reallograft transplantation, and the lack of induction with Minnesota antilymphocyte globulin.
In a retrospective study comprising 121 patients who had a nephrectomy and 45 who did not undergo nephrectomy prior to repeat transplantation, pre transplant graft nephrectomy and panel reactive antibody levels greater than 70% were found to be independent risk factors for graft failure after a repeat transplant [41] . Subgroup analysis showed that pretransplant graft nephrectomy adversely affected survival of a subsequent graft among high risk patients defined as those with multiple transplants (≥ 2 transplants) and those who received an allograft from an older donor (> 65 years of age), as well as among European Senior Program patients. However, in the subgroup of patients without "high risk" factors, nephrectomy of a previous graft had no impact on delayed graft function, or graft or patient survival rates after a repeat transplant. Nonetheless, pretransplant nephrectomy was associated with increased rejection rates presumably due to elevated PRA levels.
Studies suggesting a neutral impact of transplantectomy on various outcomes of a repeat transplant:
In a retrospective analysis to evaluate graft survival in patients who underwent transplantectomy prior to reallograft transplantation (n = 68) compared with those who did not (n = 21), nephrectomy of a failed graft was found to have no significant impact on the survival Pham PT et al . Management of patients with a failed kidney transplant of a future allograft [42] . Fiveyear actuarial patient survival were 94.1% and 87.5%, respectively (P = 0.69). PRA levels at the time of retransplantation were comparable between the two groups (37% vs 29%, respectively). Multivariate analysis showed a negative impact of PRA levels on graft survival independent of transplantectomy (P = 0.04).
One singlecenter retrospective study demonstrated that dialysis time was significantly longer in patients who had a graft nephrectomy than those who did not, presumably due to higher PRA levels in the nephrectomy group, making it difficult to obtain a negative crossmatch donor kidney. Nonetheless, acute rejection episodes and one-, five-, and ten-year graft survival rates were not different between the nephrectomy and no nephrectomy group [43] . Univariate analysis demonstrated that PRA levels and the number of acute rejection episodes had no significant impact on graft or patient survival, whether or not the patient had transplantectomy (P = 0.3 for both).
Differential impact of transplantectomy on the outcomes of a future allograft:
Retrospective study using the USRDS database (n = 19107 patients returning to dialysis after first graft failure) demonstrated that transplantectomy after early graft loss (graft survival of less than twelve months) was associated with a lower risk of repeat graft failure, whereas transplantectomy for late graft loss (graft survival of ≥ 12 mo) may be deleterious to repeat transplant outcomes [27] . However, further analysis demonstrated that the protective effect of transplantectomy among those with early graft loss was due to a decrease in death with a functioning graft rather than an improvement in deathcensored graft survival. It is speculated that there is a complex association between a retained failed graft and cardiovascular disease. In contrast to early graft loss, leaving the graft in situ in patients with late graft loss was shown have some protective effect on a repeat transplant, possibly related to development of tolerance and acceptance of a repeat transplant in the presence of donor antigen. Alternatively, it is suggested that if symptomatic imm unological responses prompted a transplantectomy, then primary graft nephrectomy is simply a marker of high immunological risk for repeat transplant failure.
The potential risks and benefits of nephrectomy of a failed graft and its impact on a repeat transplant are summarized in Table 3 .
Transplantectomy in patients with graft loss due to BK nephropathy:
While some centers advocate graft nephrectomy prior to repeat transplant in patients with graft loss due to BK nephropathy (BKN), re allograft transplant can be safely performed without original allograft nephrectomy but preferably following BK viral clearance [44] . Nonetheless, successful reallograft transplant in the setting of severe viremia without concomitant nephrectomy of the allograft in a patient with graft failure due to BKN can be achieved. The patient is a 65yearold woman who underwent urgent combined liver and repeat kidney allograft transplant due to fulminant hepatic failure and kidney graft failure due to BKN. She received no induction therapy and was maintained on lowdose tacrolimus and prednisone dual therapy. At the time of transplant, plasma BK PCR was 946000 copies/mL. Three months after transplant 
Impact of transplantectomy on future retransplantation: The authors' perspectives
The variable and even conflicting results on the impact of transplantectomy on future reallograft transplantation may reflect a multitude of potential contributing factors including but not limited to institution dependent practice on indications for nephrectomy following a failed graft, differences in study design and immunosuppressive withdrawal protocols, donor and recipient demographics, recipient comorbid conditions, era of transplantation, time on dialysis prior to a repeat transplant, the causes of prior graft loss, donor type (living vs deceased), quality and HLAmatching of subsequent allograft, alllosensitization associated with blood transfusion, and preexisting DSA with or without complement fixing DSA at the time of transplantation, among others. Recent studies have shown that DSA with the ability to bind to C1q and activate complement are associated with greater risk of acute rejection and graft loss than non-complement fixing DSA [45] .
While it remains unclear whether transplantectomy after late graft failure has a salutary or harmful effect on a repeat transplant, graft intolerance syndrome refractory to medical treatment is an indication for trans plantectomy. In patients with multiple retained failed allografts, graft nephrectomy prior to retransplantation may also be inevitable. Monitoring PRA levels and HLA class Ⅰ/Ⅱ alloantibodies (using Luminex singleantigen assays) prior to and after graft nephrectomy as well as before retransplantation may be invaluable in guiding immunosuppression in reallograft transplant recipients. In recent years various desensitization protocols have allowed highly sensitized patients to undergo successful retransplantation. Although no consensus exists, graft nephrectomy in patients with erythropoietin resistance and refractory anemia or hypoalbuminemia attributed to the failed allograft may be justifiable. Nonetheless, the decision to perform transplantectomy should be individualized. Effort to reduce cardiovascular and infectious complications undoubtedly improves clinical outcomes after reallograft transplantation whether or not nephrectomy is performed.
MANAGEMENT OF PATIENTS WITH

A FAILED KIDNEY TRANSPLANT: THE
AUTHORS'OPINION
Clinical studies to support or refute early vs late reinitiation of dialysis in patients with a failed kidney transplant are currently lacking. In the authors' opinion, reinitiation of dialysis should not be based solely on an absolute level of residual kidney function. Nonetheless, dialysis reinitiation when eGFR reaches 69 mL/min or less seems reasonable. In patients with higher level of residual kidney function, dialysis reinitiation should be based on clinical or laboratory parameters or both. Similar to the nontransplant settings, clinical indications may include symptomatic uremia, volume overload or hyperkalemia refractory to medical treatment, or malnourishment among others. In patients with a failed transplant and significant comorbid conditions such as longstanding diabetes with its associated micro and macrovascular complications, or infectious or urological complications, weaning of immunosuppression and early return to dialysis seem justifiable.
Although evidencebased recommendations are lacking, continuation of lowdose immunosuppression seems appropriate in predialysis patients and in those with symptomatic rejection to serve as a bridge to allograft nephrectomy. Maintenance lowdose imm unosuppression may also be beneficial in patients with anticipated living donor reallograft transplant or those with residual urine output greater than 0.5 to 1 liter a day. Nevertheless, in the latter group, imm unosuppression withdrawal should be considered in high risk patients or those with significant comorbid conditions. These include older age, obesity, diabetes mellitus, neurogenic bladder, recurrent episodes of urinary tract infections or urosepsis, or history of cancers, among others. Proposed algorithm for the management of immunosuppression after allograft loss is shown in Figure 1 . Although immunosuppression withdrawal protocols differ among centers, most clinicians advocate immediate discontinuation of antimetabolite (mycophenolate mofetil/mycophenolic acid or azathioprine). Cyclosporine or tacrolimus is generally weaned over several weeks and prednisone over three to six months. At the authors' institution, antimetabolite is discontinued upon return to dialysis, calcineurin inhibitors are weaned over four to six weeks, and prednisone dose is decreased by 1 mg/month until discontinued. Proposed immunosuppression weaning protocols are shown in Table 4 .
Transplantectomy is usually performed and immuno suppression rapidly tapered when graft loss occurs within one year after transplant. Whether patients with early graft loss requiring transplantectomy (particularly those with a live donor and those anticipated to have a relatively short wait time after early relisting) benefit from continuation of immunosuppression to minimize allosensitization warrant further exploration. In addition, the duration and intensity of maintenance immunosuppression remain to be defined. At the authors' institution, the graft is usually left in place when graft loss occurs more than one year after transplant. Transplantectomy is generally performed in patients with graft intolerance syndrome or those requiring space for retransplantation. In patients with clinical signs or symptoms suggestive of a chronic inflammatory state, transplantectomy may be considered at the discretion of the treating physician. More importantly, community nephrologists should remain vigilant to the early Pham PT et al . Management of patients with a failed kidney transplant recognition of signs and symptoms of an infected or acutely rejecting allograft for early medical treatment and prevention of emergent transplantectomy given the increased morbidity and mortality associated with the latter. In patients with graft failure due to recent episodes of late acute rejection, gradual weaning of immunosupression is advisable to prevent graft intolerance syndrome and obviate the need to perform urgent transplantectomy. In patients with graft loss due to BK nephropathy, repeat transplant can be safely Taper CNI over Taper CNI over Maintain same steroid dose at initiation of dialysis x 2-4 wk, then taper by 1 mg/mo (starting from 5 mg daily) until off 4-6 wk b 4-6 wk b Maintain same steroid dose at initiation of dialysis x 2-4 wk, then taper by 1 mg/mo (starting from 5 mg daily) until off Maintain same steroid dose at initiation of dialysis x 2-4 wk, then taper by 1 mg/mo (starting from 5 mg daily) until off a Mycophenolate Mofetil (Cellcept ® ) or Mycophenolic Acid (Myfortic ® ) or Azathioprine (Imuran ® ); b Taper can be done over a shorter period in slow chronic progressive graft failure but over a longer period when graft failure occurred following recent acute rejection episodes. CNI: Calcineurin inhibitor; mTOR inh: Mammalian target of rapamycin inhibitor. Figure 1 Suggested algorithm for the management of immunosuppression after allograft failure. 1 Continue antimetabolite and low-dose prednisone (usually 5 mg daily), calcineurin inhibitor dose reduction (or mTOR inh dose reduction if used as based-therapy); 2 No live donor or not a re-allograft candidate; 3 See text; 4 Usually prednisone 5 mg daily ± low-dose calcineurin inhibitor (or low-dose mTOR inh if used as based-therapy). IS: Immunosuppression; mTOR inh: Mammalian target of rapamycin inhibitor; ± with or without.
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